INTRODUCTION
============

Food irradiation has been strongly recommended and asserted to be the most effective technology with the potential to replace chemical preservatives and fumigants. Its safety has been proved over the past decades by important international organizations, such as WHO, FAO, and WTO, and relevant international academic societies \[[@B1]\]. Irradiated foods are foods processed by exposing them to pre-determined doses of ionizing radiation depending on the purpose (germination inhibition, insecticide degradation, sterilization, or maturity control) \[[@B2][@B3]\]. Given the current situation of international trade, in which the food irradiation standards specified by the Codex Alimentarius Commission are not merely recommended, but mandatory for all foodstuffs traded in the OECD countries, there is a need for more aggressive promotional consumer education on the use of food irradiation technology in some countries, including South Korea \[[@B4][@B5]\].

However, despite the obvious advantages of food irradiation, this method has not yet found wide applications in the domestic Korean food industry. One of the reasons is the uncertainty about its acceptability to consumers, which is ascribable to the tepidity of the government commitment to raising awareness and encouraging a positive perception of irradiated foods among consumers \[[@B5][@B6]\]. For lack of opportunity to become accurately informed about irradiated foods, consumers cannot make informed choices; coupled with concerns about healthrelated safety, this means that they face difficulties making food selection and purchase decisions \[[@B7][@B8][@B9][@B10][@B11]\]. One survey estimated the percentage of Korean consumers who are uninformed about food irradiation at 90% \[[@B12]\], which implies that the general public is largely not familiar with irradiated foods \[[@B13]\]. Furthermore, although food contamination caused by radioactive materials and food irradiation are based on two fundamentally different principles \[[@B14]\], irradiated foods are still perceived negatively among the public \[[@B15]\], influenced by negative media coverage on the occasion of the Fukushima nuclear power plant accident in Japan about radioactive pollution of marine products, radioactivity concentrations in the atmosphere, and the consequences for food security for future generations \[[@B16]\].

These circumstances have made it irrational to blithely predict progress in industrial society, since human actions and reactions in relation to these issues are quite uncertain \[[@B17]\]. Tomas & Durant \[[@B18]\] noted that enhancement of the scientific understanding of the public leads to consolidation of positive attitudes towards science and a supportive frame for leading in turn not only to the development of scientific research, growth of the national economy, and expansion of national power, but also contributing to social integrity and individual benefit via more rational, evidence-based - consumer behavior and decision-making. This also applies to the issue of food irradiation, because accurate perception of health risks related to irradiated food is a determinant factor for the future of food irradiation technology and related industries. Futurology is an academic discipline that predicts events in the near and far future, ranging from 50-100 years to 1,000 years or more \[[@B19]\]. The current South Korean government policy on food irradiation technology should be reformed based on an in-depth investigation of the communications aspect, because the issue is no longer of a technological nature, given the proven safety and efficacy of the processes. From the futurological perspective, if future generations of Koreans experience food supply problems due to a current lack of consumer education, it will be a loss at a national level. In this context, the present study was designed as part of a large-scale communication strategy for the enhancement of public understanding through the creation of a national consensus about irradiated foodstuffs. In order to provide basic data required to formulate such a strategy, elementary, middle, and high school students were selected as the research population in this study, in consideration of the high ripple effects expected in this population group. Analyzed were differences in perception, knowledge, and attitude regarding irradiated foods as a result of the implementation of an education program designed to enhance the understanding of food irradiation, between the baseline (pre-education) level and the post-education level.

SUBJECTS AND METHODS
====================

Research procedure
------------------

The research was carried out in the following steps: Step 1) research and education program design, Step 2) official announcement of education program via the Departments of Education of each municipal or provincial government, Step 3) selection of final program participants from elementary, middle, and high school interested in participation, Step 4) pre-education survey, Step 5) implementation of the education program (theory and practice; 45 min each), and Step 6) post-education survey. The education program consists of theory and practice parts. The theory part included watching a video clip explaining the concepts of radiation application, including food irradiation (10 min), and heard a subsequent lecture on the topic (25 min). In the practice part, the participants formed teams and measured natural radioactivity ([Fig. 1](#F1){ref-type="fig"}). The educational content of the video and lecture included the history, principles, and current status of food irradiation.

Research tool
-------------

As a research tool, we used a questionnaire with items covering perceptions of, knowledge of, and attitude toward food irradiation; these are major variables influencing behavior in a traditional learning paradigm ([Fig. 2](#F2){ref-type="fig"}). The category \"perception\" was divided into subcategories covering necessity, safety, information acquisition, and subjective knowledge of food irradiation and irradiated foods; these variables are understood to exert direct influence on human actions and reactions. The category \"objective knowledge\" included items on the principles of food irradiation and on the difference between irradiated foods and foods contaminated by radioactivity. Finally, the category \"attitude\" contained items on intention regarding irradiated food purchase and consumption.

Research participants
---------------------

The target population of the education program consisted of elementary, middle, and high school students attending 310 schools in South Korea (2013: 63 schools, 2014: 104 schools, 2015: 143 schools). Data subjected to analysis were 13,327 pre-education and 12,641 post-education questionnaires received from 7,582 elementary (from fourth-grade to sixth-grade students), 2,671 middle (from first-grade to third-grade students), and 3,249 high school students (from first-grade to third-grade students) who participated in the education program from May 2012 to April 2015 (n = 12,831), after the exclusion of inadequately filled-in questionnaires ([Table 1](#T1){ref-type="table"}) from first-year to third-year students. Limitations of the study is not the same as a follow-up students for three years.

Statistical analysis
--------------------

SPSS/WIN 15.0 was used to analyze the data in terms of frequency and percentage, mean and standard deviation, Pearson\'s correlation coefficient, t-test, one-way ANOVA, and multiple regression.

RESULTS
=======

Educational effect trend analysis
---------------------------------

Analysis of the three-year educational effect trend was conducted by comparing levels of variables before and after food radiation education. The analysis yielded the finding that the post-education levels were significantly higher for all variables, that is, for interest in education, perception (necessity, safety, subjective knowledge, and information acquisition), objective knowledge, and attitude, with the sole exception of objective knowledge in 2013. This implies that perception of and attitude towards irradiated foods can change through education. The lack of change in the level of objective knowledge in 2013 was attributed to the excessive difficulty of the theory part, which was understood to have failed to enhance students\' theoretical knowledge as a result. Subsequent to that, the educational content was modified to facilitate understanding, and the level of objective knowledge was found to have improved after the implementation of the education program in 2014 and 2015 ([Table 2](#T2){ref-type="table"}). There was no significant difference each year.

Educational effect trend analysis by school level
-------------------------------------------------

In all three years of implementation of the program, elementary school students scored higher than middle and high school students in terms of safety perception and attitude, with statistical significance, while the highest degree of interest in education and information acquisition was demonstrated by high school students after the education in 2015. This implies that the educational effect on safety perception and attitude towards the purchase and consumption of irradiated foods is greatest when the education is given in the elementary school years indeed, high school students scored significantly lower than elementary school students on these variables ([Table 3](#T3){ref-type="table"}). However, there was no significant difference each year. In The Theory of Reasoned Action, Ajzen \[[@B20]\] argued that humans weigh the profits and losses of an action by means of maximum use of available information, prior to proceeding to that action. In applying this view to the high school students in the present study, it can be understood that their low scores in safety perception and attitude arose from their judgment that the purchase and consumption of irradiated foods may have harmful effects. Van der Linden \[[@B21]\] stated that risk perception is influenced not merely by cognitive factors, but also by empirical (emotion, personal experience) and sociocultural (social norms, pursuit of values) factors. Viewed in this light, it can be assumed that the atmosphere created by negative media coverage of various irradiated foodstuffs exercised influence on the risk perception of high school students.

Educational effect trend analysis by gender
-------------------------------------------

Throughout the three years of the program, boys scored higher than girls subjective knowledge. Additionally, compared to girls, boys showed higher post-education necessity perception toward irradiated foods and more positive attitudes toward the purchase and consumption of irradiated foods. This implies that food irradiation education needs to put more focus on female students. This is consistent with the results of a study by Han et al. \[[@B22]\] ([Table 4](#T4){ref-type="table"}).

Inter-variable correlations
---------------------------

Throughout the three school years, all variables for perception and attitude, with the exception of objective knowledge, were shown to be positively correlated with one another. Before the education program, high correlations were demonstrated between levels of information acquisition and objective knowledge, safety perception and attitudes towards the purchase and consumption of irradiated foods, information acquisition and objective knowledge, and necessity perception and attitude. Here, it is noteworthy that safety perception was closely associated with attitude towards the purchase and consumption of irradiated foods before receiving the education. However, there was no significant difference each year.

In a study conducted by Oh et al. \[[@B23]\], risk perception for nuclear power was found to be significantly associated with risk perceptions for radioactivity and radioactivity-based products, which is consistent with the finding of a study by Choi et al. \[[@B12]\] that consumers show the greatest interest in safety as opposed to other factors when buying food . This result reflects the principle that risk perception is a determinant factor for risk acceptability \[[@B24]\]. On the other hand, given that posteducation necessity perception and attitude change are closely related, it seems that attitude change may be induced by providing information on the necessity of irradiated foods in materials for food irradiation education. This point is also reflected in the research finding that personal risk perception is not necessarily associated with the real severity of the risk \[[@B25][@B26]\]. Furthermore, cases where the level of objective knowledge is not correlated with the attitude towards the purchase and consumption of irradiated foods reflect the findings of evidence-based studies that the role of knowledge in the perception process is not as important as surmised, and that a complex mixture of factors plays the more important role \[[@B27][@B28]\]. ([Table 5](#T5){ref-type="table"}).

Factors influencing attitudes toward the purchase and consumption of irradiated foods
-------------------------------------------------------------------------------------

Multiple linear regression was performed with attitudes towards irradiated foods as a dependent variable and interest in education, perception (necessity, safety, information acquisition, and subjective knowledge), objective knowledge as independent variables. In all three years of the program, safety perception exerted the greatest influence among the variables influencing pre-education attitude towards the purchase and consumption of irradiated foods; post-education, the same position was taken by necessity perception. Further, post-education explanatory power was higher than the pre-education explanatory power (2013: from 15.5% to 30.0%, 2014: from 18.0% to 32.5%, 2015: from 16.5% to 29.5%). Flynn et al. \[[@B29]\] evaluated health risks as perceived by the public from two dimensions: \"dread risk\" and \"unknown risk.\" An unknown risk is a risk that is improperly understood, and the perception of irradiated foods may correspond to this category of risk ([Table 6](#T6){ref-type="table"}).

DISCUSSION
==========

As the result of a 45-min education session given to elementary, middle, and high school students in schools across South Korea, with content covering the principles, state of application, and pros and cons of food irradiation, students\' post-education perceptions, knowledge, and attitudes regarding irradiated foods improved significantly compared to pre-education levels. Bruhn et al. \[[@B30]\] reported that even consumers with little knowledge or negative views of irradiation show favorable attitudes towards irradiated foodstuffs after being exposed to promotional materials or campaigns on processing techniques using food irradiation and their advantages. Furthermore, Fox et al. \[[@B31]\] verified in a general sense that receivers of positive information on a technology are motivated to purchase related products, while negative information leads to decrease in purchase intentions. This was also true for purchase intention for irradiated foods \[[@B32]\]. In the long run, positive change of attitudes towards the purchase and consumption of irradiated foods can be efficiently induced by providing education on their necessity and safety.

When a new technology for food production or processing becomes available, government, business, and food experts should make great efforts to provide the public with correct information so as to prevent the spread of unfounded concerns and anxiety. For its part, the public should view safety issues regarding novel technologies from a scientific, rational perspective instead of adopting an emotional approach \[[@B14]\]. In general, the public does not have sufficient scientific or technological knowledge to allow such a perspective, and thus rely more heavily on emotional perceptions and/or personal experiences instead of making rational decisions \[[@B33]\]. Therefore, change of attitude may be more efficiently induced by providing information on safety and necessity of irradiated foods that incorporates an emotionally affective perspective.

Based on the results of this study, we would like to put forward the following proposals with the intent to help future generations make adequate judgments concerning the choice and purchase of irradiated foods. First, given that post-education levels of perception, knowledge, and attitude concerning irradiated foods increased considerably compared to pre-education levels, behavior change should be induced by providing continuous education to enhance, these primary variables. Second, given the high correlations between irradiated food related necessity and safety perceptions and levels of information acquisition and attitude, improvement of attitude should be sought through improvement of necessity and safety perception of irradiated foods. Third, elementary and middle school students are suitable as a target population for this kind of education because of the greater educational effects found among younger persons in this, also from the futurological point of view. Fourth, considering that necessity and safety perceptions are important variables influencing attitudes towards the purchase and consumption of irradiated foods, the content of education programs of this sorts should focus on the necessity and safety of irradiated foods so as to induce positive attitudes. In particular, perception of irradiated foods as safe exerts the greatest influence on attitude change and should be the main focus. In order to induce positive attitude change, which is the ultimate goal of the proposed educational program, it appears to be equally important to choose an optimal target population and to apply an appropriate strategy to the selection of educational contents.

This work was supported by the Promotion of Radiation Safety Culture Project coordinated by the Nuclear Safety Research and Development of Nuclear Safety & Security Commission in Korea.
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###### Grade and gender of the participants in the education program for three years
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NB: The periods covered by \"2013,\" \"2014,\" and \"2015\" are May 2012-April 2013, May 2013-April 2014, and May 2014-April 2015, respectively.

###### Analysis of trends in educational effects for three years
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NB: ^\*^Interest in education, perception of irradiated foods (necessity, safety, information acquisition, subjective knowledge), and attitude toward irradiated foods are assessed on a scale of 1--5. Objective knowledge of irradiated foods is assessed on a scale of 1--100.

^\*^Higher scores on perception of necessity and of safety, information acquisition, and subjective knowledge respectively mean higher levels of perception that irradiated foods are necessary and safe, acquired information about irradiated foods, and information status. Higher scores on attitude mean more positive attitudes towards the purchase and consumption of irradiated foods.

###### Educational effect trend analysis by school level
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^\*^Interest in education, perception of irradiated foods (necessity, safety, information acquisition, subjective knowledge), and attitude toward irradiated foods are assessed on a scale of 1--5. Objective knowledge of irradiated foods is assessed on a scale of 1--100.

^\*^Higher scores on perception of necessity and of safety, information acquisition, and subjective knowledge respectively mean higher levels of perception that irradiated foods are necessary and safe, acquired information about irradiated foods, and information status. Higher scores on attitude mean more positive attitudes towards the purchase and consumption of irradiated foods.

###### Analysis of trends of educational effects by gender for three years
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NB: ^\*^Interest in education, perception of irradiated foods (necessity, safety, information acquisition, subjective knowledge), and attitude toward irradiated foods are assessed on a scale of 1--5. Objective knowledge of irradiated foods is assessed on a scale of 1--100.

^\*^Higher scores on perception of necessity and of safety, information acquisition, and subjective knowledge respectively mean higher levels of perception that irradiated foods are necessary and safe, acquired information about irradiated foods, and information status. Higher scores on attitude mean more positive attitudes towards the purchase and consumption of irradiated foods.

###### Correlation among major variables for three years
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NB: In all three school years, all variables except for objective knowledge showed inter-variable correlations.

NB : ^\*^*P* \< 0.05, ^\*\*^*P* \< 0.01

###### Factors influencing the attitude towards purchase chose of irradiated foods
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NB: In all three school years, the variable exerting the greatest influence on attitude towards purchase and consumption of irradiated foods was perception of safety before the education, but changed to perception of necessity after the education.
